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The present communication is a critical examination of two points relevant to the surface phase
transitions of Pb and Sn overlayers on Ge(111). One is connected with the reading of the reported
structural data, which lead to some consequences of paramount importance but overlooked up to
now. The other point is the seeming contradiction in what concerns to the transition temperatures
obtained from different experimental methods. The importance of this contradiction, in contrast to
the previous point, has been overestimated.
I. STRUCTURAL DATA
Surface phase transitions of Pb and Sn overlayers on
Ge(111) have been the subject of numerous studies. It
is generally assumed that
√
3 ×
√
3R30◦ (in the follow-
ing
√
3) to 3 × 3 phase transitions in Pb/Ge(111) and
Sn/Ge(111) are completely equivalent (see, e.g., Refs.
[1, 2, 3, 4]). However, taking into account the struc-
tural data reported in Refs. [1, 2] one has to realize that,
in fact, these transitions should be very different. It is
because of the following symmetry arguments. On one
hand, both Pb/Ge(111) and Sn/Ge(111) systems have√
3 structures with the symmetry of the p31m space
group. On the other hand, the symmetry of the 3 × 3
structure in Pb/Ge(111) is p3 [1] while in Sn/Ge(111)
it is p3m1 [2]. Therefore, the order parameters of these
transitions are different, i.e. they transform according
to different irreducible representations of the p31m space
group. Moreover, the corresponding Landau-Ginzburg-
Wilson (LGW) Hamiltonians, which can be constructed
according to Ref. [5], are quite different. This leads, in
particular, to very different critical behaviors. The LGW
Hamiltonian for the
√
3 to 3×3 transition in Sn/Ge(111)
is that of the three-state Potts model. Experimental data
[4] seem to be in agreement with the critical behavior of
this model [6]. The LGW Hamiltonian for the
√
3 to 3×3
transition in Pb/Ge(111) is, however, that of the XY
model with sixth-order anisotropy. The critical behavior
of this model is completely different [7]. On lowering the
temperature one first crosses an upper critical temper-
ature into a Kosterlitz-Thouless region of critical points
with continuously variable exponents. One finally crosses
a second critical temperature into an ordered phase.
There exist, however, another simpler possibility. Note
that, while the 3× 3 structure in Pb/Ge(111) appears at
∼ 250 K, the data showing p3 symmetry were obtained
at 50 K [1]. Therefore, the total lowering of symmetry
could take place in two steps: (i) a first phase transition
is responsible of the appearance of a 3× 3 structure with
p3m1 symmetry and (ii) a second phase transition lower
this symmetry to p3 with no increase of the unit cell. If it
were the case,
√
3 to 3×3 transitions in both Pb/Ge(111)
and Sn/Ge(111) systems would be equivalent. To our
knowledge, Pb/Ge(111) has not been studied enough to
affirm what of the above described possibilities, if any,
takes place. So we underline the necessity of such a study.
II. TRANSITION TEMPERATURE
Let us now examine the other point. In Refs. [3],
the transition temperature of the
√
3 to 3 × 3 transi-
tion in Sn/Ge(111) has been established, from STM ex-
periments, as the temperature at which the region of
3× 3 structure induced by some defects becomes infinite
[8]. The difference between this temperature and that
obtained from diffraction experiments [4] is remarkably
large (∼ 100◦). However if these defects are mobile, what
seems to be the case [3], the temperature reported in Ref.
[3] has nothing to do with the real transition tempera-
ture: the long-range order, what implies defect order-
ing, is not probed in these experiments. Therefore, the
so large difference between these temperatures is not so
surprising. Indeed, the influence on the phase transition
temperature of mobile symmetry-breaking defects is well
known since long ago [9]. Experimental examples of such
a influence, for instance in KTaO3 : Li, are also well doc-
umented [10]. This crystal is an incipient ferroelectric in
absence of Li-dopants, i.e. its “transition temperature”
is negative and close to zero. The Li-dopants act as ori-
entable dipoles (mobile symmetry-breaking defects) and,
as a result of these new degrees of freedom, the resulting
transition temperature is high enough to permit that the
phase transition takes place. The corresponding increase
of the
√
3 to 3× 3 transition temperature in Sn/Ge(111)
and Pb/Ge(111) can be conveniently estimated according
to Ref. [11]. One obtains that, if the defect concentration
is ∼ 1%, this temperature could change up to ∼ 100◦ for
not necessarily very strong defects.
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